We appreciate the opportunity to comment on the findings and claims from the study conducted by Piwnica et al. [1] . The study included two commercially available compounds, brimonidine and oxymetazoline, and suggested a risk of valvulopathy associated with oxymetazoline based on results from several in vitro assays. We found the study to be informative, but would like to clarify that the data cannot be extrapolated to determine a definitive risk to humans associated with the use of oxymetazoline, and in fact demonstrates very large safety margins, indicating that the risk, if any, is minimal.
In Fig. 1 of the study, Piwnica et al. [1] tested the ability of brimonidine and oxymetazoline to bind α-adrenergic receptors, as well as 5-HT receptors. Using a pharmacological profiling assay that assessed in vitro binding activity, Piwnica et al. [1] showed that brimonidine was highly specific for the α 2 -adrenergic receptors, while oxymetazoline bound to a range of targets, including α 1 -and α 2 -adrenergic receptors and 5-HT receptors. However, the concentration of oxymetazoline (10 μM) used in this assay is markedly higher than what has been observed after topical treatment with oxymetazoline hydrochloride (Hcl) cream in humans [2, 3] . In fact, Piwnica et al. [1] referenced a phase II study by Kuang et al. [2] and stated that oxymetazoline was reported to have systemic concentrations of 0.4 nM after topical treatment, which is 25,000-fold lower than the 10 μM used in their pharmacological profiling assay. Furthermore, the 0.4 nM value reported by Piwnica et al. [1] was not correct as Kuang et al. [2] demonstrated that commercial strength once-daily 1% oxymetazoline had a mean steady-state maximum concentration (C max ) of 66.4 pg/mL (median weight of 0.34 g per application), which amounts to 0.22 nM (sum of free and bound drug in plasma); this is almost half of what Piwnica et al. [1] reported for the systemic concentrations of oxymetazoline. The correct C max of 66.4 pg/mL is 3.4-fold lower than the average C max of 226 pg/mL observed from two single-dose studies conducted for Afrin nasal spray (0.05% oxymetazoline) [4, 5] , which has been safely used as an over-the-counter drug for over 40 years. Even if subjects apply up to 35% more grams per application of 1% oxymetazoline HCL cream compared with what was used in the phase II study (i.e. the most conservative estimate based on the highest median usage across the phase III studies [6] [7] [8] ), the expected mean steady-state C max would still be < 90 pg/ mL, which is over 30,000-fold below the 10 μM used in the pharmacological profiling assays.
The reported α 1 -adrenergic activity of oxymetazoline is consistent with a recent in vivo study, in which we demonstrated that brimonidine and oxymetazoline cause cutaneous vasoconstriction through different α-adrenergic mechanisms-oxymetazoline primarily functioning through α 1 -adrenergic receptors, and brimonidine primarily functioning through α 2 -adrenergic receptors [9] . Notably, recent findings suggest α 2 agonist activity at presynaptic or endothelial sites as one of several potential mechanisms responsible for the paradoxical erythema observed with brimonidine, resulting in vasodilation rather than vasoconstriction [10] . These results are in line with two statements recently released by the Medicines and Healthcare products Regulatory Agency in the UK noting the following risks associated with the use of brimonidine gel: risk for further exacerbation of rosacea, and risk of systemic α 2 -adrenergic cardiovascular effects [11, 12] .
In Fig. 2 of the study, Piwnica et al. [1] compared brimonidine and oxymetazoline's 5-HT 2B agonist activities by measuring calcium flux in HEK-293 cells expressing recombinant 5-HT 2B receptors. They observed negligible 5-HT 2B agonist activity with brimonidine, while oxymetazoline showed a half maximal effective concentration (EC 50 ) of 15 nM. It is important to note that the C max of 0.22 nM observed in the in vivo study of Kuang et al. [2] is 68-fold lower than the value determined in the in vitro assay of Piwnica et al. [1] using a cell line overexpressing 5-HT 2B , which is likely to exaggerate a drug's potency.
In Fig. 3 of the study, Piwnica et al. [1] selectively assessed oxymetazoline's ability to induce proliferation of mitral valvular interstitial cells in vitro. Increasing doses of oxymetazoline were used, which showed proliferative activity starting at 10 μM, along with a 1 μM 'no observed effect level' (NOEL) that was > 4500-fold higher than the 0.22 nM C max value observed by Kuang et al. [2] . Piwnica et al. [1] then referenced a study by Huang et al. [13] that identified oxymetazoline among 26 other compounds with 5-HT 2B receptor agonist activity. In the study by Huang et al. [13] , the known valvulopathogens-pergolide, dihydroergotamine, and cabergoline-caused cell proliferation at concentrations as low as 1 nM, while norfenfluramine (a previously identified 5-HT 2B receptor agonist) was active at 30 nM. Conversely, oxymetazoline showed proliferative activity at 1000 nM, which was comparable to the negative control ropinirole. We would like to point out again that this observed concentration of 1000 nM is significantly higher than the C max of 0.22 nM from Kuang et al. [2] , further highlighting the reduced risk associated with oxymetazoline. In sum, the data reported and cited by Piwnica et al. [1] demonstrate a large safety margin with the use of once-daily 1% oxymetazoline.
